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Abstract
Home monitoring is a promising way to improve the quality of medical care in an ageing society. To circumvent the
problem that especially demented patients may forget or be stressed by the use of medical devices at home, monitoring
devices should be embedded in objects of daily life to check the patient’s health status whenever possible, without any
interaction with the patient him/herself. This paper presents an intelligent toilet performing an unobtrusive health check
when a person sits down. A variety of physical, electro-physical and urine parameters are analysed. This paper takes
electrocardiogram and bioimpedance spectroscopy measurements and shows the practicability of measuring them on a
toilet seat.
Keywords: monitoring of vital parameters, personal healthcare, ambient assisted living, electrocardiogram, bioimpe-
dance, toilet seat.
1 Introduction
German society is undergoing a profound change in
its age distribution. In about thirty years, around
one third or the German population will be over 65
years old. Along with the change in age distribu-
tion comes also a change in the main disease pat-
terns. Chronic diseases such as diabetes and chronic
heart failure will further gain in relevance and, if not
detected at an early stage, these diseases will bur-
den the health systems with overwhelming costs. To
limit public health expenditure and ensure appropri-
ate health care and quality of life for patients, au-
tomatic monitoring of vital functions at home is an
important building block for future health care sys-
tems.
Commercial home monitoring systems such as the
“Telemedizin fu¨r’s Herz” programme of the German
health insurance company TK1 rely on interaction
between a patient with a device and a telemedicine
center. This means the patient him/herself has to
take measurements with several devices, for example
a weighing scale, a blood pressure monitor and proba-
bly even more devices, and note the measured values.
The patient then calls the telemedicine center and
transmits the measured parameters by phone. This
leads to a very high daily workload for the patient if
the number of monitored parameters increases. Fur-
ther, the scheme is unfeasible for elderly patients,
who may have problems controlling the measurement
devices or may forget to take the measurements.
To overcome these drawbacks, more and more re-
search projects have tried to take the burden of daily
measurements from the patient and perform them
unobtrusively during normal daily activities. One
solution is to embed the measurement electronics in
textiles worn by the patient, e. g. an ECG shirt [1] or
to measure the body composition by electronics in-
tegrated into smart clothing [2]. These systems pro-
vide the best long-term monitoring of patients, but
can not be treated like regular clothing: the batteries
need to be charged regularly, and the electronics has
to be removed before washing. The second approach
is to embed monitoring electronics into devices used
by the patient in his daily life, e. g. sleep-monitoring
in his bed [3, 4] or monitoring of the heart function
on his chair [5], in his bath tub [6] or on his toilet
seat [7–9]. While measurements in a bed or on a
chair always have to deal with the clothing between
the capacitive sensor and the human body, measure-
ments on a toilet seat provide direct skin contact to
the sensors and even enable urine analysis [10].
For early detection of a disease, e. g. diabetes or
chronic heart failure, more than one parameter has to
be measured and tracked for parameter trend analy-
sis. In the following sections an intelligent toilet will
be presented that measures a wide variety of vital
parameters, see Figure 1. The intelligent toilet de-
tects that a user sits down by regularly polling the
weight sensors in the toilet seat. When a person sits
down, automatic measurement is started and the re-
sults are transmitted wirelessly to a central control
unit (CCU), as shown in Figure 2. The CCU can
collect data from several intelligent toilets, e. g. from
diﬀerent apartments in a retirement home, and for-
ward them via a mobile phone or an internet con-
nection to a central database. The database holds
records for each patient (identiﬁed by toilet-ID) and
performs several threshold operations on the vital pa-
rameters and their calculated trends. In this way for
1http://www.tk.de/tk/innovative-verfahren/telemedizin/herz/9784
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example not only a threshold for the absolute weight
of a patient can be monitored, but also a threshold
for weight loss per time can be set.
This paper will emphasize two important techno-
logical aspects of the intelligent toilet and will fo-
cus in detail on electrocardiogram (ECG) and on
bioimpedance spectroscopy (BIS) analysis.
Fig. 1: Parameters measured by the intelligent toilet
Fig. 2: Overview of the data transmission setting from
the intelligent toilet to the physician
2 Theoretical background
An electrocardiogram represents the potential
caused by the electric activity of the heart measured
on the body surface over time. Since the cardiac pulse
spreads from the right atrium over the heart, the re-
sulting electrical potential can be measured between
two opposite places on the human chest. The result-
ing ﬁeld and equipotential lines are shown in princi-
ple in Figure 3. The strength of the recorded ECG
signal is dependent on the strength of the potential
diﬀerence between the electrode positions. From two
opposite positions on the chest, positions A and B in
Figure 3, a higher amplitude can be measured than
between positions C and D, as we have for the ECG
measurement on a toilet seat. Since the amplitude
is several orders smaller than the conventional chest
ECG, most commercial ECG recorders will not be
able to record any signal. For the measurements on
a toilet seat, special hardware with cascaded gain and
ﬁlter stages with an overall gain of 12000 has been
constructed.
Fig. 3: Equipotential lines on the surface of a human
body, data for the simpliﬁed illustration taken from [11,
12]
Fig. 4: Typical BIS measurement raw data
Bioimpedance Spectroscopy is a method for
determining body composition [14] by measuring the
complex impedance of tissue over a wide frequency
range, usually in the range from 5 kHz to 1 MHz [13].
A very low alternating current i(jω) is injected by
two current electrodes applied to the human body.
Between the current electrodes, two additional volt-
age electrodes are placed that measure the result-
ing voltage drop u(jω). The complex impedance can
then be reconstructed by Z(jω) = u(jω)/i(jω) for
each frequency. By using separate electrodes for cur-
rent injection and for voltage measurement, the ef-
fect of the electrode-skin contact impedance can be
neglected. A typical plot of the acquired impedance
data in the complex impedance plane is shown in Fi-
gure 4. Cole [15] has shown that cell membranes show
capacitive behaviour. At DC level the measurement
current cannot pass the cell membrane and can ﬂow
only in the extracellular space. Towards higher fre-
95
Acta Polytechnica Vol. 51 No. 5/2011
quencies, the current can pass the cell membrane and
take a shorter path through the cells. This can be
modelled by an equivalent model having resistance
Re, denoting extracellular resistance, in parallel to
the series connection of capacitor Cm and resistance
Ri, denoting the capacitance of the cell membranes
and the intracellular resistance, respectively.
For determining the hydration status of a person,
Re is of great interest, since a tight correlation be-
tween total body water and a change in Re has been
shown [16]. The BIS electrodes are usually applied
to the right hand and the right foot, forming a whole
body measurement. Medrano [16] was recently able
to show that a measurement between the legs, as in
our toilet-seat setting, could be suﬃcient for reliably
determining the amount of body ﬂuid.
3 Materials and Methods
Before being able to take ﬁrst measurements with
the intelligent toilet, it was necessary to embed ade-
quate electrodes with the toilet seat. Four electrodes
are necessary for BIS measurements, and it was de-
cided to reuse them to connect the three ECG ca-
bles. For ECG and BIS measurements, hydro-gel
electrodes are usually used. They consist of metallic
electrodes such as silver/silver-chloride or aluminium
with a layer of hydro-gel, which is also used as a
glue layer to attach the electrodes to the skin. These
electrodes have a number of advantages, but unfortu-
nately they are disposables. This prevents their use
in a maintenance-free toilet seat measurement sys-
tem. In search of appropriate electrodes for integra-
tion in a toilet seat, it was decided to use printed cir-
cuit boards (PCB) as the basic material, since they
are cheap and easy to process. A layer of tin was ap-
plied chemically to the copper layer of the PCB, and
then a gold layer was applied by a galvanic process.
The ﬁnal electrode showed good contact impedances
and long-term stability. The gold layer makes the
electrode surface biocompatible, which is important
for direct contact with human skin.
Since the electrodes have to be placed on the toi-
let seat in such a way that all individuals are in good
contact with them, a toilet seat was equipped with
pressure sensors and ten student volunteers (seven
male and three female) were asked to sit as they usu-
ally do when they use a toilet. The area featuring the
highest contact pressure for all individuals was then
chosen as the right place to embed the electrodes on
the toilet seat.
The ECG measurement was made by connecting
the developed ECG-ampliﬁer to the toilet seat elec-
trodes. As a reference, a conventional lead-1 chest-
ECG was taken with a Bsamp biosignal ampliﬁer
(g.tek medical engineering GmbH, Schiedlberg, Aus-
tria). Normal hydro-gel electrodes were used for the
reference ECG. The outputs of both ampliﬁers were
connected to a National Instruments USB data acqui-
sition card, enabling synchronous recording with the
use of a connected laptop. Unfortunately, the driven
right leg lead of the Bsamp ampliﬁer could not be
connected with the subject since it interfered with the
toilet seat ECG ampliﬁer, resulting in a higher noise
level on the reference ECG than is usually present.
For BIS measurements, the ECG electronics was
disconnected from the toilet seat and a Hydra 4200
(Xitron Technologies, USA) BIS device was con-
nected. It was also connected to a PC by a se-
rial connection, and a LabView programme was used
to record the raw measurements from the BIS de-
vice. After taking a measurement on the toilet seat,
aluminium hydro-gel electrodes (Fresenius Medical
Care, Bad Homburg, Germany) were attached to the
legs of the subject. An eﬀort was made to attach
them as well as possible to the same place where the
toilet seat electrodes also connected to the legs.
4 Results
4.1 Electrode positioning
The pressure measurements on the toilet seat showed
interestingly clear diﬀerences between genders. Rep-
resentative plots of the weight distribution for all ten
measurements on the toilet seat are shown for a male
subject in Figure 7a) and for a female subject in Fi-
gure 7b). Fortunately, though the pressure distribu-
tions are so diﬀerent for the two genders, the areas of
highest contact pressure (red or orange in Figure 7a)
and 7b)) are in the same region. The four electrodes
were then embedded in this region, see Figure 5.
Fig. 5: Picture of the experimental setup in the lab
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Fig. 7: Weight distribution on a toilet seat
4.2 ECG measurement
An example of an ECG measurement is shown in Fi-
gure 6. The upper diagram shows the raw data from
the data acquisition card for the reference ECG, while
the lower diagram shows the raw data from the toilet
seat ECG ampliﬁer. As mentioned above, it was not
possible to connect the driven right leg electrode of
the biosignal ampliﬁer to the subject since it would
interfere with the toilet seat electronics. It was only
possible to connect one of the two active feedback
electrodes, so the feedback from the toilet seat ECG
was chosen. This results in a much higher noise ﬂoor
for the reference ECG.
In the toilet seat ECG the R-peak is clearly visi-
ble, enabling R-peak-detection and an estimation of
heart rate and heart rate variability. It is hardly pos-
sible to detect additional information, e. g. propaga-
tion delays, without further signal processing. The
intelligent toilet is equipped with an MSP430F5437A
microprocessor (Texas Instruments, USA), and the
EP Limited Open Source ECG Analysis Software2
was ported to this processor. By connecting the toi-
let seat ECG ampliﬁer to the integrated A/D con-
verter of the microprocessor it was possible to auto-
matically analyse the heart rate of a subject on the
toilet seat. The system was tested for its robustness
against motion artefacts. Since the author expects
motion on the toilet seat usually to be limited to
leaning forwards or sidewards, only these movements
were tested. A reliable measurement could be made
during most movements. Only when leaning exten-
sively sidewards could the connection between one
leg and the electrodes get lost, thus interrupting the
ECG signal.
Fig. 8: Comparison of a BIS measurement using the dry
electrodes in the toilet seat and one reference measure-
ment using aluminium hydro-gel electrodes
4.3 BIS measurement
BIS measurements could be taken using the dry elec-
trodes embedded in the toilet set. Figure 8 shows
both the toilet seat and the reference measurements.
For low frequencies starting from 5 kHz both mea-
surement methods yield the same results. For higher
frequencies, especially the reference measurement us-
ing aluminium hydro-gel electrodes reveals results
with a positive imaginary part, which can be qualiﬁed
2http://www.eplimited.com, last checked 8/3/2011
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as a measurement error. As has also been observed in
other measurement scenarios using the Hydra 4200,
use of the device in other impedance ranges than
whole body measurements leads to problems with the
current source of the device. The device is intended
for whole body measurements at resistances around
900Ω. In our measurement setup, the impedance is
several orders lower, clearly leading to measurement
errors for higher frequencies. For accurate results in
the whole frequency range, the development of a spe-
cial BIS device for the toilet seat BIS measurement
would be necessary. Nevertheless, the results are of
medical value: even with errors in the impedance
data for high frequencies the Cole-Cole parameter
Re could be extracted. As mentioned above, this
parameter is of great interest since it correlates with
the hydration status of the patient.
5 Conclusions
An intelligent toilet has been constructed which can
perform a comprehensive health check when a person
sits down. This paper has shown the practicability
of ECG and BIS measurements using dry electrodes
embedded in a toilet seat. A biosignal ampliﬁer with
an overall gain of 12 000 has been constructed for
measuring the ECG signal. It has been shown that
the signal is good enough to perform reliable R-peak
detection, which can be used to estimate the heart
rate and heart rate variability. Typical light move-
ments on the toilet seat are extraneous to the mea-
surement. Monitoring body composition using BIS
has also been shown to be possible using the same
electrodes. The intelligent toilet presented here has
high potential to increase the quality of medical care
for elderly people living at home by keeping track of
important health and nutrition parameters. When
a deviation of the parameters is detected, a medical
professional can be informed to get in contact with
the patient.
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